Abstract. In the last century many studies have revealed the advantages of girls in reading and superiority of boys in science. However, the international tests detected no difference in science test results in the 21st century. The aim of the study was to find the sex effect size and variances in reading achievement in recent international studies 
Introduction
It has frequently been asserted that women have higher average verbal abilities than men. For instance, "boys, from various cultures, are superior to girls on spatial problems; girls are superior to boys on verbal tasks" (Kagan 1971:182) ; "females are consistently superior to males in a wide range of verbal tasks" (Galsworthy et al. 2000:206) ; "the well attested fact that women are stronger on verbal items" (Bartholomew 2004:106) ; "it is well known that females have about a one-third of a standard deviation (5 IQ points) advantage over males" (Anderson 2004:828) .
However, these assertions have not been universally accepted. In the metaanalysis of sex differences in verbal abilities in the United States by Hyde and Linn (1988) it was calculated that in pre-1973 studies girls had an advantage of 0.23d, while in post-1973 studies it had dropped to 0.10d. But the girls' advantage of 0.10d was only obtained by omitting the boys' advantage of 0.11d of 18 year olds on the verbal SAT (Scholastic Assessment) in 1985 (n = 977,361). Hyde and Linn (1988) also showed that the girls' advantage on verbal abilities varied according to age and the type of ability. In reading comprehension, girls below the age 6 performed better than boys (0.31d), but among older children the sex difference was negligible. In vocabulary, girls aged 6-10 years performed better than boys (0.26d), but among 11-18 year olds there was no difference, while among 19-25 year olds men performed better than women (0.23d). Analysis of sex differences by type of ability showed that women have higher average abilities in speech production (word fluency) (0.33d) and anagrams (0.22d), men have higher average abilities than women in analogies (0.16d), and there were negligible differences in reading comprehension, essay writing, and vocabulary. Hyde and Linn's (1988) meta-analysis of sex differences in verbal abilities was a valuable contribution to this question. However, it was not complete. It omitted some data, such as all the Wechsler verbal intelligence studies and the study by Hogrebe, Nist, and Isadore (1985) who found no sex difference in reading achievement of 23,362 in-school seniors and 24,678 in-school sophomores in the results of High School and Beyond (HSB) national survey in 1980.
There have been some subsequent studies of sex differences in verbal abilities in the United States. Mau and Lynn (2000) analysed the tenth and twelfth graders' (16-18 year olds) test results in the American National Educational Longitudinal Study. They found that "females obtained significantly higher mean scores in reading." Klecker (2006:50) has made "a secondary analysis of the National Assessment of Educational Progress (NAEP) dataset … for the fourth, eighth, and twelfth grade reading scores by students' sex across the years 1992, 1994, 1998, 2000, 2002, and 2003 . The statistically significant (p < .01 with effect size measured by Cohen's d) differences in reading scores by sex were consistent across grade level and years with females scoring higher than males." Effect sizes (0.13 to 0.44) were smaller for the younger students. However, Jackson and Rushton (2006) reported a boys' advantage of 17/18 year olds of 0.10d on the 1991 SAT (n = 102,516). This replicated the result reported by Hyde and Linn's (1988) . It is apparent, therefore, that the question of whether there are sex differences in verbal abilities is considerably more complex than the assertions quoted in the first paragraph of this paper suggest.
The studies reviewed above are all from the United States. It is important to investigate what the sex differences are internationally. A valuable contribution to this has been made recently by Lietz (2006) . In a meta-analysis of sex differences in reading achievement in a number of countries she found that girls in secondary school performed 0.19 standard deviation units above boys.
The objective of the present paper is to make a further contribution to international sex differences in reading ability by examining sex differences in means and variances in the three PISA (Program for International Student Assessment carried out in 2000, 2003 and 2006) and two PIRLS studies, which provide extensive data on this question. The issue of sex differences in variances in reading ability has not been examined hitherto and is a further interesting component of this topic.
Data

The PISA 2000 study
PISA tests measure reading, mathematical and scientific literacy level of students near the end of compulsory education. In 2000, the tests were carried out with 15-year-olds in 27 countries. The total sample size was approximately 180,000 and includes around 5,000 students in each country. The results on reading comprehension consist of the scores on the test but in addition Wittmann (2005) has calculated latent factor scores by factor analysing the items. Both sets of scores are shown in Table 1 . The scores are presented as ds (the difference between the means of boys and girls divided by the standard deviation), with positive ds denoting higher mean scores obtained by girls. The raw scores show that girls scored higher than boys in all countries. The latent factor scores also show that girls obtained higher average scores than boys in all countries and magnify the girls' advantage. Table 6 .3). It shows that in all countries girls obtained higher average scores than boys. The average advantage of the girls is 0.36d. The boys showed greater variance than the girls in all countries by an average variance ratio of 1.20. 
The PIRLS 2001 reading study
World-wide measurement of reading ability is carried out also by IEAInternational Association for the Evaluation of Educational Achievement. The association has assessed reading comprehension twice, in 2001 and in 2006. The first PIRLS study (Progress in International Reading Literacy Study) evaluated reading achievement of fourth grade students (10-year olds) in 35 countries (Mullis et al. 2003) . In all countries, girls achieved significantly higher reading test results than boys. The sex effect size by countries is given in Table 3 (data from Mullis et al. 2003, Exhibit B. 2) . In average, girls in fourth grade outperformed boys in reading by 0.25d. The variance of boys' results was larger than that of girls.
The PIRLS 2006 reading study
The study assessed children's reading literacy achievement and collected data about the impact of home environment on the achievement. The study was conducted in 40 countries and about four-five thousand students participated in every country. Relying on the submitted data (Mullis et al., 2007, Exhibit C. 2) , the superiority of girls in reading can be calculated (Table 3) . The average sex effect size (d = 0.21) is almost the same as in previous study and the variance in boys' results is once more larger by eight percent. 
Why do girls have higher reading ability?
Marks has recently (2008) studied the problem. He found that higher achievement of girls in reading and mathematics is associated with the school system factors and macro-societal factors. We searched the living conditions and activities of girls and boys to find some explanation to the higher test scores of girls. The data for the comparison were taken from the PISA online database (http://pisa2006.acer.edu.au/). The student questionnaire included relatively few questions whose answers might correlate with the results of reading test, however, some interesting information can be found in Table 4 . The table includes the numbers of girls and boys who selected the given answer in their questionnaire in all 56 countries. The percentages have been calculated in relation to the overall number of girls and boys who took the test. Significance test was applied to the percentages. All the differences are statistically significant although many of them are minor.
We see in the table that boys have more often their own room than girls. This is fully unexpected and does not explain why girls had a higher score in the reading test. Boys have more often also DVR or VCR players. This may take time from reading and contribute to lower scores. Boys have a little bit more books at home but nevertheless they are not so good in reading.
Girls have a little bit more often their own study desk that may contribute to their higher reading test results. According to the evaluation of girls, there is more classic literature and poetry in their homes. Children influence the home culture and so this literature is bought more often for girls. More girls are from homes without a computer. Working on computers may reduce the boys' time for reading books and magazines. In school, girls have more regular lessons in language. This could contribute to their higher test results in reading. However, a little bit more girls have no out of school language lessons. We may suppose that families do not consider it important to pay money for girls to have out of school lessons. Anyway, this does not impair their reading. More girls are confident that they are doing well in language. The self-evaluation supports learning language and is a result of good learning.
There are more boys among students who have fewer than 2 hours for selfstudy of language. Once more girls devote more time to language studies and boys have other interests.
Discussion
The three PISA studies with 15-year old students all show that girls obtain higher average scores than boys in reading ability. In 2000, 2003 and 20006 the girls' advantage was 0.49d, 0.36d, and 0.41d, respectively. These can be averaged to 0.42d. In the PIRLS studies with 10-year-olds, the sex effect in favour of girls was 0.25d in 2001 and 0.21d in 2006 or 0.23d in average. The girls' superiority grows with age and practising language.
Both of our effect sizes are substantially greater than the 0.19d calculated by Lietz in her meta-analysis (2006) . Reading ability as defined in the PISA studies is essentially the same as the concept of verbal comprehension used by psychologists as a component of intelligence, and for which Hyde and Linn (1988) found in their meta-analysis of American studies that the average sex difference was 0.14d.
One explanation of the very big advantages of 15-year-old girls is that PISA test usually indicates a rather large difference in boys' and girls' results. In the above-mentioned meta-analysis by Lietz, the sex effect size for PISA test was 0.25d (Lietz, 2006:334) . However, the sex effect is even bigger in recent PISA studies and this leads to the idea that girls' superiority in reading is rising.
Last year a new study of sex differences in science attainment was published (Lynn and Mikk 2008). The study confirmed boys' superiority in science that was bigger in the seventies than in recent ten years, when it was negligible. According to PISA studies in 2000, 2003, and 2006 , there was no difference in average science attainment of 15-year-old girls and boys but girls outperformed boys by 0.42d in reading. According to OECD studies in 2001, 2003, and 2006 , girls were as good in science as boys were, but girls outperformed boys in reading by 0.23d. Marks (2008) recently found analogous trends for sex cap in mathematics and reading. Hyde et al. (2008:494) have studied standardized test results in the U.S. and conclude "that girls now score just as well as boys in math". In these areas together, girls have an advantage. What might be the reasons?
The correlates of academic achievement have been presented in very many studies, including PISA (Mullis et al. 2003; . Relying on this knowledge, we searched and found some differences in living conditions and activities of girls and boys. Girls were reading more at home and school; boys were busy with computers and DVD players. Interests are related to activities and achievement. The inference is supported by the conclusions of Chiu and McBridge-Chang (2006:331) who found analyzing the PISA 2000 data that "reading enjoyment mediated 42% of the gender effect" on reading achievement.
The advantage of girls in reading leads to the preference of professions in which reading and writing are an important part of a job. There are more women in the professions of social sphere because they have higher verbal abilities than men have in general. For example, we have so many female teachers because men are not so well fitted for the job.
The explanation above is only one aspect in the complicated process of selecting a profession. It is insufficient in explaining, for example, why there are more men among politicians than women. Variance ratios in reading achievement add another aspect into the explanation.
We found sex differences in the variance of reading achievement in all three studies analysed. The biggest variance ratio 1.20 was in the PISA 2003 study and it was 1.08 in both PIRLS studies. In the PISA study, boys showed greater variance in reading comprehension than the girls in all countries, and in the PIRLS studies, the boys' variance was larger in most countries. Analogous results in the variability of achievement were found for international science tests (Lynn and Mikk 2008) . This is consistent with the frequent assertion that men have greater variability of intelligence than women, i.e. there are more men with high and low intelligence, while women cluster around the mean. This contention was advanced in the early years of the twentieth century by Ellis (1904) , Thorndike (1910) and Terman (1916) to explain why men are so greatly over-represented among geniuses. When they found that there is no sex difference in general intelligence, a greater variability among men entailing more men among those with very high intelligence (as well as more men with very low intelligence) seemed to provide a solution to this problem. Many subsequent scholars have continued to advance this contention, e.g. Eysenck (1981:42) , and Deary et al. (2007) . The present results from the PISA and PIRLS studies provide further confirmation.
However, the reasons for greater variability among men are still not understood. We may just hypothesise that women have greater responsibility in bringing up the new generation and the fulfilment of this important task may be in danger in the case of big variability which sometimes is a disadvantage in life.
